layers, respectively, consisting of UO 7 pentagonal bipyramids sharing corners with SeO 4 tetrahedra. Potassium cations induce curvature of the uranyl selenate layers, which is mediated by the interlayer water molecules, hydronium ions and nitrate groups. The topology of the 2D units in the structure of I is novel for the structural chemistry of uranyl selenates.
Introduction
The problem of safe disposal of spent nuclear fuel is responsible for the increasing interest in the study of secondary uranium-bearing compounds. Understanding the formation of natural and synthetic uranium phases is important for modelling of alteration processes occurring in the uranium deposits and geological radioactive waste repositories (Finch et al. 1999) . Nowadays seven uranyl selenites are known as mineral species (Burns 2005; Krivovichev and Plášil 2013) , whereas no uranium selenates have been found in nature to date. This can be explained by both high solubility of uranyl selenates in aqueous solutions and easy reduction of Se 6+ to the Se 4+ state under common natural conditions (Charykova et al. 2010 (Charykova et al. , 2012 Krivovichev et al. 2011a Krivovichev et al. , 2012 . Synthetic members of the uranyl selenate group display an outstanding structural diversity. There are more than 120 purely inorganic or organically templated inorganic uranyl selenates (Burns 2005; Krivovichev et al. 2007; Krivovichev and Plášil 2013) . Most of the uranylcontaining compounds, in particular uranyl selenate structures, are layered due to the specific coordination of U(VI) atoms (Burns et al. 1997) . There are also wellknown compounds with isolated, chain or framework structural units (Krivovichev et al. 2007; Krivovichev , 2013 . However, the most remarkable compounds in this group are uranyl selenate nanotubules (Krivovichev et al. 2005a, b; Alekseev et al. 2008) , which have a unique structural architecture considered as being generated by folding of flat 2D units into single tubes. It is interesting that compounds containing nanotubules invariably contain K + ions in their structures. As it was suggested in the recent works (Krivovichev et al. , 2011b Krivovichev 2010) , the presence of these ions plays a crucial role in formation of tubular morphologies of structural units, whereas water molecules in the interlayer space reduce the folding effect and may totally neutralize the curvature of uranyl selenate layers. There are eight K-containing uranyl selenates known so far (Krivovichev et al. 2005a, b; Alekseev et al. 2008; Gurzhiy et al. 2009 Gurzhiy et al. , 2011 Gurzhiy et al. , 2012 Ling et al. 2010) , and it seems worthwhile to explore K-containing uranyl systems further in order to understand the role of K + ions in their structures and, in particular, the ability of these ions to induce curvature in otherwise planar structural units.
Herein, we report on the syntheses, crystal structures and spectroscopic investigations of two new potassium uranyl selenates:
Experimental

Synthesis
Single crystals of the compounds I and II have been prepared by isothermal evaporation from aqueous solutions at room-temperature conditions. The crystals of compound I formed from the mixture of 2 ml of an aqueous solution of uranyl nitrate (0.48 g of UO 2 (NO 3 ) 2 •6H 2 O), selenic acid (0.2 ml of H 2 SeO 4 ), potassium carbonate (0.068 g of K 2 CO 3 ), and carbamide (0.018 g of CH 4 ON 2 ). Prepared solution was heated at 60 °C for 35 min and then placed in a fume hood, where yellow-green crystals suitable for X-ray structural analysis grew within 6 days. Crystals of compound II formed from the mixture of 2 ml of an aqueous solution of uranyl nitrate (0.2 g of UO 2 (NO 3 ) 2 •6H 2 O), selenic acid (0.2 ml of H 2 SeO 4 ) and potassium carbonate (0.048 g of K 2 CO 3 ). The solution was heated at 60 °C for 35 min and then placed in a fume hood, where yellow-green crystals suitable for X-ray structural analysis grew after 4 days.
X-ray diffraction
Single yellow-green plates of I and II were mounted on thin glass fibres for X-ray diffraction analysis, which was carried out using a Bruker SMART single-crystal X-ray diffractometer equipped with an APEX II CCD planar detector operated with MoK α radiation at 50 kV and 40 mA. More than a hemisphere of X-ray diffraction data (θ max = 30.00 and 32.50° for I and II, respectively) were collected at 210 K for each crystal with frame widths of 0.5° in ω, and exposition of 20 s per each frame. Data were integrated and corrected for background, Lorentz, and polarization effects using an empirical spherical model (Bruker programs APEX and XPREP). Absorption corrections were applied using the SADABS program (Sheldrick 2007) . The unit-cell parameters of I (Tab. 1) were determined and refined by the least-squares techniques on the basis of 28491 reflections with 2θ in the range of 3.14-60.00°. From the systematic absences and statistics of reflection distribution, the space group P2 1 /m was determined. The structure was solved by direct methods and refined to R 1 = 0.029 (wR 2 = 0.084) for 4865 reflections with |F o | ≥ 4σF using the SHELXL-97 program (Sheldrick 2008) 
Infrared spectroscopy
The infrared (IR) spectra of I and II were recorded using KBr pellets on the Bruker Vertex 70 spectrometer in the region 4000-300 cm -1 and are shown in Fig. 1 . The band assignment confirms that the vibrational spectroscopic data are in a good agreement with the composition and single-crystal X-ray diffraction results.
Both spectra show characteristic absorption bands at 850-390 cm -1 (392, 459, 816, 851 cm -1 for I and 407, 472, 818, 834 and 850 cm -1 for II, respectively) due to the presence of [SeO 4 ] 2-anions; these bands can be attributed to the stretches of the Se-O bonds. The bands at 950-850 cm -1 (in particular 851 and 943 cm -1 for I and 915, 931 and 950 cm -1 for II, respectively) are due to the vibrations of the (UO 2 ) 2+ cations (Nakamoto 1997). It should be noted that characteristic vibrations of the oxoselenate groups and uranyl ions overlap, so they cannot be clearly separated without structure-based calculations (Čejka 1999 
Discussion
The structure of I (Fig. 2a) contains two symmetrically independent U atoms with two short U 6+ =O 2-bonds (1.763 (5) 2-uranyl selenate layers formed by linkage of U and Se coordination polyhedra via common O atoms (Fig. 4a) . The layers are parallel to (010). The charge of the layer is compensated by potassium and hydronium ions arranged in between the 2-D uranyl selenate units.
Absorption
Frequency cm . The linkage topology of the U and Se coordination polyhedra can be described using graphs where U and Se coordination polyhedra are symbolized by the black and white nodes, respectively (Fig. 4b) (Fig. 3a) contains two symmetrically independent U atoms with two short U 6+ =O 2-bonds (1.763(3) and 1.765(3) Å for U(1) and 1.761(4) and 1.767(4) Å for U(2), respectively). The U(1)O 2 2+ cation is coordinated by five oxygen atoms (U1-O eq = 2.355(3)-2.406(3) Å) of selenate tetrahedra arranged in the equatorial plane. The U(2)O 2 2+ cation is coordinated by four O atoms (2.358(3)-2.406(3) Å) of selenate tetrahedra and one water molecule (U(2)-H 2 O(17) = 2.412(4) Å). Three symmetrically non-equivalent Se 6+ atoms are tetrahedrally coordinated by four O 2-anions, each with an average bond-length equal to 1.634, 1.638 and 1.635 Å for Se(1), Se(2) and Se(3), respectively. Tetrahedral complexes are tridentate having three vertices shared with the U polyhedra. Non-shared vertices of selenate tetrahedra are oriented either up or down relative to the planes of the layers.
C r y s t a l s t r u c t u r e o f I I
The structure of II is based upon the [(UO 2 ) 2 (SeO 4 ) 3 (H 2 O)] 2-layers formed by linkage of U and Se coordination polyhedra via shared O atoms (Fig. 4d) . The structural layers are parallel to (-101) . The negative charge of the layer is compensated by the K + ions arranged in between the 2-D uranyl selenate units. Along with the potassium atoms, the interlayer contains four symmetrically independent H 2 O molecules and disordered NO 3 groups. Analysis of the topology of the uranyl selenate layers using graphs (Krivovichev 2004 indicates that the topology of the 2-D layers of the cc2-2:3-12 type (linkage of 4-membered rings and 8-membered rings with the latter ones forming rows along [010] - Fig. 4e-f ) and is identical to that found in uranyl sulphate [C 8 H 26 N 4 et al. 2004 ). However, the layer of this type had not been observed previously in uranyl selenates.
In the crystal structure of I there are four symmetrically independent K atoms that occupy special positions
Tab. 3 Selected interatomic distances (d) and angles (ω) in the structure of K
on the mirror plane m. These K + ions are surrounded by the O atoms belonging to the U-Se layers and also to the H 2 O molecules in the interlayer. The K1 atom forms eight bonds to O atoms equally distributed between the two adjacent layers (K(1)-O bond lengths vary in the range of 2.790(5)-2.948(5) Å. Among the eight bonds, four are to the terminal O atoms of the selenate tetrahedra, whereas four others are to the O atoms of uranyl ions. The K(2) atom forms seven bonds (K(2)-O = 2.730(3)-3.024(6) Å) with four bonds to the terminal O atoms of the selenate tetrahedra and O Ur atoms from adjacent layers and three bonds to the interlayer H 2 O molecules. The K(3) atom forms seven bonds (K(3)-O = 2.770(3)-3.060(2) Å): four bonds to O atoms from adjacent layers (two to the uranyl O atoms and two to the bridging O atoms between the U and Se atoms) and three more bonds to H 2 O molecules in the interlayer. The K(4) atom forms six bonds (K(4)-O = 2.847(8)-3.160(6) Å): two to the terminal O atoms of the selenate tetrahedra, two to the bridging O atoms and two to the H 2 O molecules in the interlayer.
In the crystal structure of II there are three symmetrically independent potassium atoms (Fig. 3b) It is worth noting that the K(1) atom in the structure of I is arranged in front of the U(1)-Se(2)-U(2)-Se(1) fourmembered ring, forming bonds exclusively with the apical O atoms of the selenate tetrahedra and uranyl ions (Fig. 2b) . This results in the observed local curvature of the U-Se-U-Se units (the angle between the equatorial planes of the uranyl bipyramids is equal to 132.2°). The K(4) atom is also arranged in front of the U(1)-Se(3)-U1-Se(3) four-membered ring, but, in this case, the equatorial planes of the U(1) bipyramids are parallel. The K(2) and K(3) atoms are shifted from the central position closer to uranyl polyhedron. Therefore, as shown also by the above-described coordination features, there is no exact effect of curvature induction for these positions.
Concluding remarks
As it was suggested by Gurzhiy et al. (2011) , K atoms have specific ionic properties (Cartledge ionic potential) suitable for inducing the curvature of the uranyl selenate complexes in aqueous solutions. Latter, Gurzhiy et al. (2012) demonstrated that not only the pH of the solution (presence of the protonated water complexes in the structure) could control the modification of layers, but also the K/(H 2 O + H 3 O + H 5 O 2 +…) ratio should be taken into account. It was also shown that if such ratio is equal or less than 1:2, the uranyl selenate layers are flat. The structures reported herein confirm these empirical observations. Interlayer space of the structure of I contains both H 2 O molecules and H 3 O + ions along with K + cations; the K/(H 2 O + H 3 O + H 5 O 2 + …) ratio equals to 1:2. The same ratio in the structure of II is 5:8, that is, more than 1:2, but no global layer curvature is observed. However, these layers contain significantly distorted regions with coordination environment of the K(1) atom very similar to those observed in structures with uranyl selenate nanotubules. We are inclined to ascribe the absence of the layer curvature to the presence of nitrate groups arranged in between the uranyl selenate layers and playing a considerable role in coordination of the K + ions. In addition, the position of nitrate anions inhibits the curvature electrostatically: apparently, the parallel orientation of the NO 3 groups favours repulsion between them and the layers, thus O) 3.5 with the nanotubule-based structure was done at slightly elevated temperature (60 ºC), which decreased the water amount in the structure.
